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SUMMARY 


To  determine  the  Marine  Corps  requirements  for  the  development  of  an  auto¬ 
mated  combat  casualty  care  system,  Naval  Health  Research  Center  (NHRC)  conduc¬ 
ted  a  rigorous  systems  analysis  of  the  current  methods  and  procedures  used  by 
field  medical  personnel  during  combat.  This  resulted  in  the  functional  speci¬ 
fications  for  a  casualty  care  system  and  a  list  of  equipment  necessary  to  make 
it  operational.  In  order  to  determine  the  survivability  and  utility  of  the 
elements  of  the  proposed  system,  it  was  determined  that  field  testing  in  a 
rugged  environment  was  essential. 


A  step-wise  approach  over  an  eight-month  period  allowed  for  the  sequential 
evaluation  and  ultimate  upgrade  of  the  system  and  its  components.  The  field 
tests  culminated  in  a  field  demonstration  where  a  completely  automated  system 
was  set  up,  demonstrated,  and  subjected  to  a  typical  working  environment.  The 
system  successfully  handled  patient  processing,  data  transfers,  and  report 
generation  in  a  manner  superior  to  the  current  hand  processing  methods.  The 
use  of  such  an  automated  system  could  relieve  between  four  and  six  medical 
personnel  from  administrative  burdens,  thus  making  them  available  for  medical 
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Field  Testing  of  the  Combat  Casualty  Care 
Hedical  Information  System  (CCC/MIS) 

Walter  V.  Wilcox 
Naval  Health  Research  Center 

Introduction 

The  need  to  develop  an  information  system  for  combat  casualty  care  has 
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been  recognized  by  the  Navy  and  Marine  Corps  ’  ’  .  Due  to  the  lack  of 
automation,  it  is  currently  necessary  to  hand  process  medical  data  during 
combat  situations.  As  a  result,  information  is  frequently  not  collected, 
lost,  or  subject  to  error.  This  situation  ultimately  diminishes  the  effec¬ 
tiveness  of  military  efforts.  The  implementation  of  an  automated  system 
during  combat  vould  allow  complete  and  accurate  field  medical  records  to  be 
maintained  by  fewer  personnel,  thereby  reducing  the  administrative  burden  on 
medical  personnel,  which  in  turn  is  expected  to  lead  to  better  patient  treat¬ 
ment,  better  estimation  of  medical  equipment  and  supplies,  and  better  overall 
effectiveness  of  medical  and  combat  personnel. 

To  explore  the  development  of  an  automated  combat  casualty  care  system, 
personnel  from  the  Naval  Health  Research  Center  (NHRC)  conducted  rigorous 
systems  analyses  of  the  current  methods  and  procedures  used  by  field  medical 
personnel  during  combat  .  These  analyses  were  performed  at  Camp  Pendleton 
under  the  guidance  of  the  First  Medical  Battalion.  Results  of  the  analyses 
were  used  to  produce  an  outline  of  the  functional  specifications  for  a  cas¬ 
ualty  care  system  and  the  list  of  equipment  necessary  to  make  such  a  system 
operational.  Using  these  specifications,  a  relatively  simple  prototype  system 
was  developed^.  The  successful  operation  of  the  prototype  system  demonstrated 
the  feasibility  of  the  design  concept  and  justified  assembling  the  complete 
Combat  Casualty  Care  Medical  Information  System  (CCC/MIS)^.  The  equipment 
identified  for  the  CCC/MIS  is  shown  in  Figure  1. 

Approach 

System  testing  was  carried  out  at  Camp  Pendleton  during  field  exercises 
conducted  by  the  First  Medical  Battalion  and  the  Field  Medical  Training 
School.  In  an  area  named  Box  Canyon,  the  First  Medical  Battalion  sets  up  a 
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o  One  IBM-AT  compatible  microcomputer  (host) 

-  4  MB  RAM  expansion  board 

-  Radio  frequency  communications  board 
20  MB  hard  disk  drive 

o  Four  ruggedized  portable  microcomputers 

-  One  containing  a  20  MB  hard  disk  drive 

-  One  containing  a  5  MB  removable  hard  disk  drive 

-  Two  containing  1/2  MB  bubble  memory  boards 

Each  of  the  microcomputers  will  have  one  or  more  of  the  following  data  input 
devices  attached. 

o  Two  electronically  erasable  programmable  read-only  memory  (EEPROM)  reader/ 
wri ters 

o  One  graphics  digitizer  tablet 

o  Eight  hand-held  microcomputers  with  built-in  bar  code  reader 
o  One  electronic  mouse 
o  Four  bar  code  wedge  readers 
o  Voice  recognition  device 
o  Touch  screen 

o  Radio  frequency  tag  reader/writer 
o  RF  tags  for  each  patient 

o  An  electronic  identification  tag  (EEPROM)  for  each  patient 


Figure  1.  Potential  Equipment  List  for  CCC/MIS  Field  Testing 
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representative  field  medical  company  roughly  once  every  six  weeks  as  part  of 
an  exercise  in  conjunction  with  the  Field  Medical  Training  School.  During 
training  sessions,  some  of  the  students  of  the  school  become  simulated  casual 
ties,  while  others  become  observers.  The  exercises  routinely  continue  over  a 
three  to  fom  day  period  and  are  typical  of  medical  procedures  at  the  three 
echelons  of  treatment:  the  front-line  corpsmen,  Battalion  Aid  Stations  and  the 
Medical  Company.  Our  research  team  arranged  to  participate  in  each  field 
exercise.  Their  objective  was  to  test  various  proposed  system  elements  and 
evaluate  input  and  display  devices  in  typical  field  conditions  to  gain  infor¬ 
mation  concerning  equipment  utility  and  survivability. 


A  multi-phase  approach  was  taken  so  a  variety  of  objectives  could  be 
accomplished.  First,  by  testing  new  features  separately  and  then  incorpora¬ 
ting  those  that  performed  successfully  into  the  working  system,  the  system 
would  evolve  in  an  incremental  fashion.  Second,  this  approach  allowed  the 
number  of  tests  planned  for  any  one  phase  to  be  limited  to  the  number  that 
could  be  monitored  by  the  staff  available.  Third,  multi-phase  testing  provi¬ 
ded  the  opportunity  to  observe  system  users  and  their  reaction  to  each  subsys¬ 
tem  so  that  potential  weak  links  could  be  identified.  Finally,  the  six-week 
period  between  training  exercises  provided  time  to  modify  or  change  software, 
equipment,  or  the  method  of  operation  so  that  potentially  beneficial  features 
could  be  improved  and  retested.  Therefore,  the  multi-phase  approach  allowed 
the  system  to  evolve  by  correcting  deficiencies  as  they  were  discovered. 
Sometimes  features  were  modified  and,  occasionally,  a  complete  new  subsystem 
or  an  entirely  new  strategy  was  developed  to  resolve  an  especially  complicated 
problem. 


Test  Setting 

The  physical  layout  of  the  Medical  Company  typically  consists  of  two  rows 
of  general  purpose  military  tents  facing  each  other  with  one  double-sized  tent 
for  Admitting  and  Sorting  (A&S)  between  them  and  toward  the  front  of  the  com¬ 
pound  (see  figure  2).  Immediately  adjacent  to  A&S  is  a  partially  covered  area 
for  Triage  which  might  be  considered  the  front  door  to  the  Medical  Company. 
The  tents  facing  each  other  are  typically  used  for  X-ray,  Dental,  Wards, 
Morgue,  Supply,  and  the  Medical  Operations  Center  (MOC),  along  with  spaces  for 
the  CO  and  XO.  Pre-op  and  O.R.  tents  are  often  located  strategically  in  the 
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Figure  2.  Typical  Field  Medical  Company  Layout 


center  of  the  compound,  sometimes  directly  in  the  middle,  other  times  among 
the  other  tents  facing  each  other.  The  MOC  is  the  hub  of  information  for  the 
entire  compound.  This  tent  contains  all  of  the  communications  gear  and  per¬ 
sonnel  necessary  for  information  processing  and  reporting.  Here,  status 
boards  are  maintained  and  decisions  are  made  regarding  patient  movement. 

During  each  field  trip,  the  hardware  or  software  driving  specific  pro¬ 
cedures  of  the  evolving  system  were  tested.  Field  testing  provided  potential 
end-users  (members  of  the  medical  company)  the  opportunity  to  participate  in 
system  development  by  providing  feedback,  during,  and  after,  the  testing  of 
components  and  software.  Again  the  step-by-step  approach  seemed  to  be  bene¬ 
ficial  because,  as  successive  field  trips  were  made,  field  medical  personnel 
could  see  how  their  input  was  being  incorporated  into  the  overall  system 
design.  Over  the  eight  month  period  six  testing  sessions  were  used  to  prepare 
the  hardware,  software,  and  our  team  for  a  final  comprehensive  demonstration 
of  the  entire  system. 

Observations 

During  the  series  of  field  trips,  a  great  deal  was  learned  regarding  the 
system  design,  the  hardware  needed  to  make  it  operational,  and  the  software 
needed  to  link  it  together.  Furthermore,  we  became  increasingly  aware  of  the 
need  for  truly  ruggedized  equipment.  Dust,  fog,  rain,  wind,  and  heat  are 
natural  elements  which,  if  not  controlled,  can  bring  down  an  otherwise  well 
designed  system.  Man-made  conditions  like  shifting,  jostling,  dropping, 
kicking,  and  tripping  over  power  cords  add  to  the  abuse  the  equipment  must 
endure.  Some  pieces  of  equipment  managed  to  survive  far  better  than  others. 
Among  those  showing  a  high  survivability  rate  were  the  electronic  identifi¬ 
cation  tags,  the  hand-held  microcomputers,  and  the  radio  frequency  tags. 
These  all  have  a  few  things  in  common  which  definitely  gave  them  an  advantage. 
They  are  all  small,  self  contained,  highly  ruggedized  units  "hich  have  their 
own  power  source  or  plug  into  a  unit  which  provides  power.  Equipment  that  did 
not  fair  too  well  included  the  "ruggedized"  microcomputers  and  the  bar  code 
readers.  The  potential  for  problems  in  all  of  the  equipment  tested  tended  to 
increase  with  size.  The  lesson  learned  was  "the  smaller  the  better",  even  if 
it  means  reduced  capability,  because  a  system  with  reduced  capability  is 
clearly  favorable  to  a  system  that  has  failed. 


The  final  field  trip  vas  specifically  designed  to  test  the  entire  (CCC/ 
MIS)  system.  The  system  consisted  of  four  IBM  ATs,  each  equipped  with  various 
peripheral  equipment  for  entering  or  retrieving  data.  These  machines  were 
configured  into  a  network,  with  each  machine  located  strategically  within  the 
medical  company  compound.  The  ATs  had  been  substituted  for  the  "ruggedized" 
microcomputers  which  had  failed  earlier  due  to  dust  and  moisture  problems. 
Each  AT  was  completely  covered  with  plastic  until  the  actual  start  of  the 
demonstration. 

As  patients  arrived  at  the  Medical  Company  Compound,  they  were  registered 
automatically  in  Triage  through  the  use  of  an  electronic  identification  tag 
and  subsequently  tracked  throughout  the  compound  through  the  use  of  barcode 
readers  and  radio  frequency  tags  which  had  been  specifically  selected  for  this 
purpose.  It  had  been  determined  during  previous  equipment  trials  that  bar¬ 
coding  was  somewhat  unsatisfactory.  Even  though  there  might  be  extremely 
high  motivation  and  knowledge  regarding  the  equipment,  unavoidable  situations 
still  arise  which  reduce  the  effectiveness  of  this  type  of  equipment.  Fail¬ 
ures  were  frequently  encountered  due  to  dust  and  moisture  which  accumulated  on 
the  barcode  surfaces.  Additionally,  the  recording  of  patient  movement 
throughout  tne  compound  using  barcoding  was  subject  to  low  reliability  due  to 
an  individual's  attention  being  diverted  and  by  problems  in  manipulating  bar 
code  equipment.  Therefore,  during  the  final  demonstration  a  radio  frequency 
tag  system  was  evaluated  as  an  alternative  to  bar  coding.  The  Admitting  and 
Sorting  station  was  chosen  for  this  portion  of  the  demonstration  and  utilized 
a  separate  PC  with  a  color  monitor  and  the  RF  tag  reader  writers.  It  was 
found  that  a  patient  supplied  with  an  RF  tag  (currently  somewhat  larger  than 
the  electronic  identification  tag)  could  be  automatically  tracked  throughout 
the  entire  medical  compound  without  the  need  for  valuable  personnel  being 
involved  in  the  logging  and  tracking  process.  Thus,  it  appears  that  a  RF  tag 
system  is  the  most  efficient  and  reliable  mechanism  for  pa'ient  tracking. 
Unfortunately,  the  equipment  required  for  the  RF  tag  procedure  is  quite 
expensive  when  compared  to  bar  coding. 

Medical  information  was  entered  into  the  system  by  means  of  specially 
designed  forms  and  a  device  called  a  graphics  digitizer  tablet  which  allowed 


quick  data  input  by  pointing  to  areas  on  the  form  which  contain  patient  infor¬ 
mation.  Patient  data  forms,  originally  filled  out  in  the  Admitting  and  Sor¬ 
ting  area,  were  kept  in  a  patient  folder  until  the  patient  arrived  at  a  pa¬ 
tient  ward.  The  form  was  then  placed  on  the  graphics  tablet  and  the  operator, 
using  a  stylus,  pointed  at  the  recorded  data  (see  Figure  3).  Medical  company 
personnel  who  visited  the  General  Ward  where  this  procedure  took  place  were 
encouraged  to  ask  questions  and  actually  try  out  the  equipment.  Eventually, 
the  trained  operator  turned  over  the  station  to  a  person  totally  unfamiliar 
with  the  system  and  that  person  was  allowed  to  enter  data  while  results  were 
monitored  at  the  Medical  Operations  Center  (MOC).  No  loss  of  information  or 
reduction  of  system  capabilities  was  noted.  Allowing  participation  of  the 
Medical  Company  staff  during  the  demonstration  provided  a  realistic  test  of 
the  system  components  by  showing  that  it  can  be  effectively  used  by  personnel 
with  no  computer  training. 


As  patients  moved  throughout  the  compound,  their  status  and  location  was 
monitored  in  the  MOC  by  a  microcomputer  (AT)  which  constantly  updated  various 
status  boards.  These  status  boards  were  constantly  displayed  on  a  computer 
monitor  which  provided  a  window  into  the  system  for  observers.  The  system 
software  could  be  halted  at  any  point  in  time  (which  did  not  effect  the  other 
system  operations)  and  could  be  requested  to  produce  various  resource  manage¬ 
ment  and  spot  status  reports.  Observers  commented  that  this  rype  of  informa¬ 
tion  processing  could  prove  to  be  an  important  asset  by  providing  medical 
personnel  with  preliminary  and  post-operative  patient  status,  breakdown  of 
injuries  incurred,  and  treatment  provided  at  A&S.  In  order  to  accomplish 
this,  it  was  suggested  that  a  computer  monitor  be  placed  in  O.R.  which  would 
provide  a  quick  reference  to  number  and  types  of  injuries,  as  well  as  overall 
compound  conditions  like  patient  backlogs.  MOC  was  also  the  area  selected  for 
patient  discharge.  The  discharge  process  involved  inserting  the  patient's 
electronic  identification  tag  into  the  reader-writer  device  and  downloading 
pertinent  treatment  data  to  the  tag  so  that  a  permanent  record  is  maintained 
with  the  patient.  This  provides  a  safeguard  against  accidental  loss  of  infor¬ 
mation  and  also  may  be  of  value  if  additional  medical  treatment  is  required 
before  the  patient's  medical  record  can  be  located. 
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Conclusions 


In  general,  the  CCC/MIS  team  was  able  to  demonstrate  how  quickly  and  ef¬ 
fortlessly  patient  information  could  be  updated  and  utilized  within  the  Medi¬ 
cal  Company  without  using  administrative  personnel  or  having  to  pull  medical 
personnel  away  from  their  important  duties.  The  ability  to  efficiently  and 
accurately  locate  any  patient  at  a  moment's  notice,  evaluate  and  report  on 
resource  usage,  maintain  an  accurate  and  up-to-date  medical  file  on  each  pa¬ 
tient,  and  discharge  patients  with  an  attached  electronically  readable  copy  of 
the  pertinent  aspects  of  their  treatment  within  the  Medical  Company  was  demon¬ 
strated.  It  is  estimated  that  at  least  4  to  6  medical  personnel  would  be 
relieved  from  administrative  responsibilities  through  the  user  of  this  type  of 
system,  thus  making  them  available  for  the  medical  duties  for  which  they  have 
been  trained.  An  evaluation  of  the  computer  records  automatically  kept  during 
the  demonstration  showed  that  all  the  administrative  data  required  to  document 
patient  movement  and  other  essential  reports  had  been  faithfully  maintained 
and  accurately  processed. 
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